The climate change in Shandong Peninsula, China was analyzed in this paper by the non-parametric Mann-Kendall test, Accumulated Difference Curve and Order Cluster Analysis methods, based upon the datas of annual mean, maximum and minimum temperature and annual precipitation, precipitation from June to September over the past 50 years. Results obtained showed a number of observations: 1) The annual mean temperature of Shandong Peninsula showed a significant increasing trend, with a distinct abrupt change point detected around 1990, during the past 5 decades. The warming of the Peninsula over the last 50 years was due mainly to the significant increase of annual minimum temperature. The annual maximum temperature demonstrated a mixed trend of decreasing and increasing, but was statistically insignificant, and no abrupt change was detected; 2) The annual precipitation exhibited a decreasing trend during the past 5 decades, with an abrupt change detected around 1980 at most stations; but there was an earlier transition point at 1966, at a few stations. The reduction in precipitation, from June to September, was responsible mainly for the decrease of annual precipitation. Besides, the proportion of the June-September precipitation in the year declined slightly over the last 50 years; 3) In comparison, the temperature evolution in Shandong Peninsula was basically consistent with most parts of China, but warmed at a faster rate over the same period; the decreasing trend of precipitation was more significant compared with the other climate zones of China. Within the Peninsula, the abrupt change of temperature and precipitation in the Southeast was earlier than that in the Northwest; the reduction of precipitation was larger in the Southeast while the increase of temperature was more significant in the Northwest. This research was of great importance to understand the climate change and its environmental effects in the coastal zone.
Introduction
Climate is an integral part of natural environment that humans depend upon for survival; global climate change has become a hot issue, and attracted the common concern of governments and scientists. Global climate change, especially global warming has been a scientific fact that not can be avoided during the past 100 years [1] [2] [3] [4] [5] [6] [7] . The global average surface temperature has increased 0.74˚C during the 20th Century according to IPCC (2007) . The coastal zone is the narrow strip located between land and sea. As the most developed region which is densely populated, the climate change in the coastal zone has a special significance to the development of human society [8, 9] . Additionally, the coastal zone involved in this article represents the interface between land, sea and the atmosphere, and there exists frequent exchange of moisture, heat fluxes, sediment, and important nutrient elements like C, N, S between land and sea;
Study Area
Located on the east of Jiaolai River, which connected Laizhou Bay and Jiaozhou Bay, and extended eastward between the Bohai Sea and the Yellow Sea, Shandong Peninsula is the largest Peninsula in China (35˚35' -38˚23'N, 119˚30' -122˚42'E), with an area of 2.7 × 10 4 km 2 ( Figure 1) . The main landform of the Peninsula was dominated by old metamorphic, granitic hills, and only a few medium and low mountains protrude above the hills with gently rolling topography. Mountainous area accounted for about 70% of the total area, with an elevation of about 200 meters. The mountains in the Peninsula, mainly includes Ya, Kunyu, Weide, Luo et al., was a nearly eastwest strike and was close to the Northern Peninsula. They were about 500 -1000 meters above the sea level, in which, Laoshan Mountain was the highest (1130 m). Shandong Peninsula has developed a typical temperate bedrock coast with a winding coastline [14] .
Shandong Peninsula was under the control of SiberianMongolian high-pressure air masses from high latitude of the Eurasian continent in winter, with low air temperature and humidity, thus dry and cold winter monsoon from near north was formed; air masses from low latitude of the Pacific Ocean, with high temperature and humidity prevailed in summer, warm and wet summer monsoon from near south was formed consequently. Under the control of summer monsoon and winter monsoon, Shandong Peninsula has developed a typical humid monsoon climate of warm temperate zone, the four seasons are distinct, with hot, rainy summer and cold, dry winter. Affected significantly by the summer monsoon, the annual precipitation occurs mostly in the summer season, from June to September, with strong intensity, and is often accompanied with heavy rains. The annual precipitation in Shandong Peninsula averages 600 -850 mm; the average temperature was -3˚C ~ -1˚C in January, and about 25˚C in August (the hottest month), the extreme maximum temperature was about 38˚C, and thus the annual temperature range was large [14] .
Affected by the ocean, Shandong Peninsula had an annual precipitation which is 200 -300 mm more than that of the continental interior area at the same latitude, together with cooler summer. Since Shandong Peninsula was close to the small-sized Bohai Sea on the northwest and bordered the vast Yellow Sea on the southeast, meanwhile the mountain ranges in the central Peninsula were a barrier to prevent the warm and moist air mass from the Yellow sea penetrating into the Peninsula, and thus the influence of the ocean to the climate weakened from southeast to northwest of the Peninsula. For instance, the annual precipitation decreased from the southeast to the northwest within Shandong Peninsula, it was above 850 mm in the east side, while less than 600 mm in the coastal plain located in the Northwestern Peninsula [16] .
As the frontier area since Chinese Economic Reform, Shandong Peninsula has become one of the most developed regions in China during the last 50 years, with a large population and many cities. The major industrial companies and cities, like Qingdao, Weihai and Yantai were all located in the coastal zone (Figure 1) . Since the meteorological stations set up in these cities were more likely affected by urban climate conditions, the hydrological and meteorological data from the central Peninsula were chosen here to investigate the relationship between the coastal climate of the Peninsula and global climate change.
Methodology

Data
It was generally acknowledged that human activities began to have a notable impact on climate since 1950's [2] , and taking into account the availability of the data, the last 50 years was selected as the study period.
In this paper, the observation data of temperature and precipitation from hydrological and meteorological stations in the central Peninsula were used to analyze the climate change in Shandong Peninsula for the last 50 years. In which, the precipitation data employed were from 18 hydrological stations, including two indicators of the annual precipitation and precipitation from June to September, and the observation period was from 49 to 58 years (52 years in average); the temperature data including 3 indicators, the annual mean, maximum and minimum temperature respectively, were from 8 meteorological stations. The observation period was from 44 to 58 years (53 years in average). All of the stations mentioned above are the National Basic Weather Stations, and the observation data are continuous data records for the period of the last 50 years, of good quality. As the temperate monsoon climate in the Peninsula is characterized by the synchronization of high temperature and ample precipitation, the 5 climate indicators selected in this paper were the best to reflect its climatic characteristics. The location of the stations was shown in Figure 1. 
Methods
In this study, the non-parametric Mann-Kendall test [17] [18] [19] [20] , Accumulated Difference Curve [18] and Order Cluster Analysis (OCA) [21] were applied, to identify the long-term trend and the abrupt change of both precipitation and temperature series in Shandong Peninsula during the last 50 years. The Mann-Kendall test was first used to describe the general change trend for the climatic indicators. An Accumulated Difference Curve method was employed next to analyze the periodical fluctuation of the climate element series. Finally, the transition point of the series was detected by OCA, a method to find the optimal dividing point of the time-series. All of the tests were under the 95% confidence level in this paper, and were calculated by Matlab software.
Mann-Kendall Test
Mann-Kendall test is a non-parametric method, it has the advantage of not assuming any distribution form for the data series, the test capacity is not affected by the breakpoint, and is more powerful than its parametric competitors. Therefore, it is highly recommended by the World Meteorological Organization to assess the monotonic trend in hydro-meteorological time-series. This test is based on the null hypothesis Ho, which supposes that the analyzed series are independent and randomly ordered, and there is no obvious change trend. The test statistics: Zc and β are stated simply as follows.
1) Parameter Zc reflects the general change trend of the series. For the analyzed series (
In which,
Zc follows the standard normal distribution. Therefore, H o is rejected if |Zc| ≤ Z 1−α/2 , which means there is a significant change trend for the series (abbreviated as R), while accepting H o suggests no obvious trend for the series (abbreviated as A). Besides, Zc > 0 represents an upward trend of the series, while Zc < 0 denotes a negative trend. In which, α is the significance level for the test; ±Z 1−α/2 are the standard normal deviates. In this paper, α = 95% was applied, ±Z 1−α/2 = ±1.96.
2) Parameter β is the Kendall gradient, and it is used to estimate of average change rate of the series. It is based on the assumption that the change trend of the series is monotonic, which means the trend is a linear function of time.
Accumulated Difference Curve
ed difference of For the series (x 1 , x 2 …x n ), the accumulat every point was given as:
Draw the accumulated difference curve according to the results, the horizontal axis of the curve represents time (year), and the vertical axis of the curve is
 . An upward gradient of the curve indicates a relatively high temperature period or a pluvial period; a relatively cold or dry period conversely. And thus the change process of the series can be divided into stages with different change trend, and the variation of the trend may be attributed to the abrupt change of the climatic elements.
Order Cluster Analysis (OCA)
CA, a method to was d e
The transition point was detected by O find the optimal dividing point of the time-series. This method was similar to the cluster analysis, but the sequence of the series should not be disrupted. For the se-
, if the series with n points ivid d into m groups, the optimal dividing point was obtained as follows: (10) where k represents the group number, i k is the first sam- 
ple of group k. The series was divided into 2 groups in this paper, and thus the point with the minimum φ{p(2, n)} value will be the optimal dividing point.
Results
Change T Peninsula over the Past 50 Years
Annual Mean Temperature
The annual mean temperature of over the past 5 decades exhibited a significant increasing trend overall. The Mann-Kendall results showed that Ho was rejected (Table 1) , which means the increasing trend of annual mean temperature series was significant at the 95% significance level. The annual mean temperature of Shandong Peninsula has increased 1˚C -2˚C approximately over the past 5 decades, with an average increasing rate of 0.26˚C -0.46˚C (10a) −1 ( Table 1 ). The long-term trend of annual mean tempe andong Peninsula was characterized by distinct periodical fluctuations over the past 50 years, instead of monotonic increasing trend. The accumulated difference curves showed that 1990 can be defined as the split point, to divide the annual mean temperature series into two periods: a downward trend in the early period and a continuous increasing trend in the late period (Figure 2(a) ). As a consequence, there may be an abrupt change of annual mean temperature around 1990: it shifted from a relatively cool period to a warm period after 1990.
According to the results of OCA, the transitio annual mean temperature at all stations existed in the period of 1988-1994, the annual mean temperature increased by 7.52% -12.21% after the abrupt change (Table 2). Therefore, 1990 could be considered as the dividing point on the whole, and the annual mean temperature increased by about 10% after 1990, over the past 5 decades in Shandong Peninsula. Additionally, as can be seen from Figure 1 that the stations with more significant in creasing rate of annual mean temperature were mostly located in the northwest of the Peninsula during the past 50 years.
The temperatu ould be an active local response to global warming, but the specific change process and the exact transition point were not quite the same. The increasing rate of annual mean temperature for the past 50 years in Shandong Peninsula was much higher than that of the entire globe (an increasing rate of 0.13˚C (10a) - [23] , also, it was more significant compared to the western inland area, at the same latitude (an increasing rate of 0.18˚C (10a) -1 from 1951 to 2002) [24] . Moreover, many research have found that the transition point of annual mean temperature was observed at 1993 in the Northern Hemisphere [25] , 1989 in China [22] , 1992 in the warm temperate zone where rature time-series in Shandong Peninsula. S ern inland area at the same latitude [22] . Apparently, the late 1980s or the early 1990s in the 20th century was an important period for temperature mutation in the Northern Hemisphere. The abrupt change of annual mean temperature detected in Shandong Peninsula was mostly concentrated in this period too.
The annual minimum temperature has in cantly during the last 50 years in Shandong Peninsula. The Mann-Kendall results of annual minimum temperao annual minimum temperature achieved the 95% significance level ( Table 1) . And the annual minimum temperature was observed an increase of 2˚C -7˚C approximately over the past 5 decades, with an average increasing rate of 0.5˚C -1.4˚C (10a) -1 in Shandong Peninsula ( Table 1) . This observation was in agreement with the conclusions that the annual minimum temperature showed a significant increasing trend over the past 50 years in China [7, [26] [27] [28] , the north of 35˚N especially [24] .
The rising process of annual minimum temperature in Shandong Peninsula showed distinct periodical fluc tio re at most stations was in the pe
The annual maximum temperature demonstrated a mixed he past 50 years l minimum temperature was m
Peninsula over the Past 50 Years
The ninsula exhiing the last 50 years. The bvious periodical fluctuations, ot r the abrupt change with the reduction m ns over the past 5 decades, but not a monotonic increasing trend. The accumulated difference curves at most stations showed a decreasing trend before 1990, a continuous increasing trend afterwards, but there was an obvious fluctuation around 1970 (Figure 2(b) ). Since it can be inferred that the possible transition point of annual minimum temperature existed around 1990. However, accumulated difference curve for Haiyang station appeared to show a decreasing trend before 1970s, an increasing trend after 1990 and a horizontal period between them (Figure 2(b) ). Evidently, the abrupt change of annual minimum temperature probably existed in 1970s-1990s at Haiyang station.
The OCA results showed that the transition point of annual minimum temperatu riod of 1986-1994, except Haiyang Station, which has an earlier transition point at 1972 ( Table 2) . Moreover, the annual minimum temperature showed an increase of 16.50% -34.18% after the abrupt change ( Table 2) . Therefore, the annual minimum temperature in Shandong Peninsula increased by about 20% after 1990 over the past 5 decades, and thus the abrupt change was distinct.
Annual Maximun Temperature
trend of decreasing and increasing over t in Shandong Peninsula. Longkou, Muping, Laiyang and Qixia stations showed a slight upward trend of annual maximum temperature, while it displayed a gentle decreasing trend at Haiyang, Laizhou, Penglai and Zhaoyuan station. The Mann-Kendall test indicated that the change trend was statistically insignificant ( Table 1) . Furthermore, the change pattern of annual maximum temperature was quite complex and no obvious abrupt change was observed, seen from the accumulated differrence curve (Figure 2(c)) .
According to the analysis described above, the increase amplitude in annua uch higher than that of the annual maximum temperature in Shandong Peninsula over the last 50 years. Consequently, the climate warming of Shandong Peninsula over the last 50 years was largely due to the significant increase of annual minimum temperature, especially after the 1990s. A similar story exists all over China [29] .
Precipitation Changes in Shandong
Annual Precipitation
annual precipitation of Shandong Pe bited a decreasing trend dur Mann-Kendall test results indicated that the annual precipitation at 18 stations showed a decreasing trend, and the decreasing trend was significant at Muyushuiku, Laiyang, Tiekou, Miaohou and Menlou stations ( Table 3 ).
The annual precipitation was observed a decrease of about 60 -200 mm over the past 5 decades, the decreasing rate was 1.33 -4.13 mm·a -1 , with an average value of 2.73 mm·a -1 (Table 3) . Thus, the annual precipitation reduction differs considerably in different regions of Shandong Peninsula. The decreasing rate of annual precipitation over the past 50 years in Shandong Peninsula is slightly higher than that of the warm temperate zone in China (-2.13 mm·a -1 ), which was detected a more marked reduction in annual precipitation than the other climate zones of China [22, 26] . Therefore, the decreasing trend of annual precipitation in Shandong Peninsula over the past 50 years was more notable compared with the other climate zones of China.
The change process of annual precipitation in Shandong Peninsula showed o her than monotonic increasing trend over the past 5 decades. The accumulated difference curves at Muyushuiku, Laiyang and Shewopo stations showed an increasing trend before 1966, after a short-term fluctuation, then started to decrease around 1980 (Figure 3(a) ). However, the accumulated difference curves for the other 15 stations were divided into 2 periods at 1980, but there was an obvious fluctuation at about 1966, especially the Sikou, Tuanwang, Zangjiazhuang and Wandi station (Figure 3(b) ). This suggested that the annual precipitation transitioned from a relatively wet season to a dry season after 1980s in the study area. Therefore, 1966 or 1980 was thought as the possible transition point of annual precipitation in Shandong Peninsula. Further analysis based to the results of OCA showed that, the transition point of annual precipitation was 1966 at Muyushuiku, Laiyang and Shewopo station, which were located in the Southeastern Peninsula, while that at the other 15 stations was around 1980 (Table 4) , this is the same time when the major precipitation belt moved in a Northern to Southern China trajectory throughout the last 50 years [30] .
The annual precipitation in Shandong Peninsula has decreased afte agnitude ranges from 13.81% to 24.75% over the past 5 decades, and the mean value was 18.77% approximately ( Table 4) . The study area can be divided into two parts: the northwest (9 stations) and the southeast (9 stations), respectively, according to the line joining points of Yantai and Miaohou. Among the 8 stations with the reduced amplitude of annual precipitation below the mean value (18.77%), 7 were located in the northwest, while only 2 of the 10 stations with the reduced amplitude above the mean value (18.77%) were located in the northwest (Figure 1) . Therefore, the reduction of annual precipitation in the northwest was much smaller than that in the southeast in the past 50 years.
Different from the decreasing trend of annual precipi-or the annual/June-September precipitation time-series at 18 hydrological stations in Shando tati en ng Peninsula has developed a typical humid monmost pre-
The Relationship between Temperature and
the rising temperature; also, mount of precipitation and evaporation ture on scenarios in different greenhouse effect [2] . Therefore, the climate change in Shandong Peninsula was affected -ric c exchange and on in Shandong Peninsula, it exhibited an increasing d in the western inland area at the same latitude over
Discussion
tr the last 50 years [7, 19, 26, 31] , with the transition point concentrated in mid-1980s [22, 32] , which is a little later than that of the Shandong Peninsula. Consequently, Shandong Peninsula was becoming warmer and drier gradually, while the western inland area showed a transition to warmer and wet conditions during the recent 50 years.
Precipitation from June to September
Shando soon climate of warm temperate zone, with cipitation falls mainly in summer season (from June to September). The research results show that, the average percent of precipitation from June to September of the year was 67.19% -74.61% in the 18 hydrological stations of Shandong Peninsula, the average value was 71.93% (Table 5) . Therefore, the analysis on the evolution of summer precipitation and the proportion of precipitation from June-September of the year is of great significance to understand the monsoon climate change over the last 50 years. The change characteristics, as well as the transition point of June-September precipitation, were basically consistent with that of the annual precipitation in Shandong Peninsula over the past 5 decades (Tables 3 and 4) , but the proportion of June-September precipitation in annual precipitation decreased slightly ( Table 5) . It suggests the reduction of June-September precipitation was responsible mainly for the decrease of annual precipitation. The June-September precipitation reduced by 15.77% -31.27% after the abrupt change, and the mean value was about 23% ( Table 4) . Within the Peninsula, the reduction magnitude of June-September precipitation at 10 stations was under the mean value (23%), in which, 7 were located in the northwest, but only 2 out of the 8 stations with the reduction magnitude above the mean value (23%) were located in the northwest. Therefore, the reduction magnitude in the southeast was more remarkable than that in the northwest.
Precipitation Changes
On a global or large regional scale, the regional water alter with cycle process will it will affect the a [33, 34] . However, changes in precipitation and temperashowed different collocati regions. For example, increasing temperature was identified all over China during the past 50 years, while the annual precipitation increased in South China, but decreased in the North [19, 26, 35] , or decreased in East China, but increased in the west [7, 31] . As has been argued above, the temperature has increased significantly in Shandong Peninsula with an abrupt change detected around 1990; whilst the precipitation decreased with an inflection point around 1980. Consequently, increasing temperature collocated with decreasing precipitation in Shandong Peninsula during the study period, both showed distinct periodical fluctuations and abrupt changes, but the abrupt change in precipitation was 10 years earlier than that of the temperature. In addition, the annual temperature range and the proportion of June-September precipitation in annual precipitation has decreased slightly. However, changes in temperature and precipitation over the past 50 years have not modified the synchronization of high temperature and ample precipitation, which was the main feature of the temperate monsoon climate in Shandong Peninsula.
The Relationship between Climate Change and the Monsoon Evolution
It was generally recognized that global warming was primarily related to the by the global warming inevitably. Besides, the atmosphe irculation is an important way for heat water vapor transport, and thus is the main factor for the formation of various climate conditions [36] . For the East [37, 38] , which was basically consistent with the transition point of temperature in Shandong Peninsula during the last 50 years. Since it can be inferred that the temperature change in Shandong Peninsula over the past 50 years may be highly impacted by the abrupt change of Siberia-Mongolia winter monsoon.
Precipitation in the East Asian monsoon region was directly related to the summer monsoon [29, [39] [40] [41] [42] [43] [44] [45] . The maritime air masses associated with the summer monsoon brings about 75% of the annua rn China [46] . Many research has shown that the East Asian summer monsoon suddenly weakened in late 1970s during the last 50 years, which might be related to the changes of the snow cover conditions in the Tibetan Plateau and the sea surface temperature in east central tropical Pacific [41] [42] [43] 47] . Correspondingly, the precipitation in Northeastern China reduced significantly in late 1970s, resulted by the sudden weaken of the summer monsoon [30, 35, 43, 44, 48] . The precipitation reduction in Shandong Peninsula was in the same period, therefore, we can speculate that the decrease of precipitation in Shandong Peninsula may be attributed to the changes in East Asian summer monsoon.
There are great difficulties to analyze the driving mechanism of climate change under the continental scale. The causal factors for climate change are diverse and complicated. It is hard to identify th d anthoropogenic factors due to the local circulation and topographic complexity on a small scale [49] . This article is only a preliminary study for the main reason of climate change in the large-scale area where Shandong
Shandong Peninsula
As the barrier effect of the nearly east-west watershed located in central Peninsula, the northwestern Peninsula was more influenced by winter monsoon, while the summer monsoon was more significant in the southeast. Consequently, it presented distinct spatial variations of cliPeni ocated, t onal reason for the clim ch Shandong Pe sula re s furthe rch mate change within Shandong Peninsula. As desc above, the reduction of precipitation was larger in heast while the increase significant in the northwest; meanwhile, the stations with earlier transition points of precipitation and temperature were located mostly in the southeastern Peninsula. This implied that the summer monsoon had an earlier change than winter monsoon. And we can further speculate that the impact of the Pacific Ocean on the monsoon climate in the study area was possibly greater than the Eurasia.
In conclusion, the coastal climate of Shandong Peninsula was characterised by a remarkable warming trend, which was on the basis of getting drier over the past 50 years. This variation in climate, coupled with the increase of the exploitation of water resources, will inevitably reduce the river runoff and sediment load into the coastal area [50] [51] [52] [53] . Correspondingly, it will exert farreaching effects on the hydrological regime and sediment namic conditions of the bay and estuary: this will be the focus of further research.
Conclusions
The variation characteristics of both precipitation and temperature in Shandong Peninsula of China over the past 50 years have been studied in this paper. The major conclusions are:
1) The annual mean temperature of Shandong Peninsula showed a significant inc abrupt change was detected around 1990 during the past o. Z2008E03); ning Project of Higher Edu-, China (No. J09LE07); Sci-5 decades. The change characteristics observed in annual minimum temperature was basically consistent with the annual mean temperature throughout the study area, except the Haiyang Station, which has an earlier transition point at 1972. The annual maximum temperature exhibited a very complex change trend. Some stations showed a slight upward trend for the annual maximum temperature, while the opposite trend was observed in the other stations, but they were all statistically insignificant and no abrupt change was observed. Therefore, the direct cause that leads to the warming of Shandong Peninsula for the last 50 years was the significant increase of the annual minimum temperature.
2) The variation characteristics of precipitation, from June to September, seem to be in good agreement with the annual precipitation in Jiaodong Peninsula over the past 50 years. They showed a decreasing trend conformably, but the decreasing trend was significant at a few stations. The transition points of annual precipitation and June-September precipitation at most stations were detected around 1980, while a few stations showed an earlier transition point at 1966. The reduction in the JuneSeptember precipitation was responsible mainly for the decrease of annual precipitation. Meanwhile, the proportion of June-September rainfall of the whole year declined slightly, but it was not significant.
3) The temperature increasing collocated with precipitation decreasing in Shandong Peninsula over the past 50 years. However, the abrupt change of precipitation was delayed for about 10 years, after the temperature. The variation characteristics of temperature in Shandong Peninsula was basically consistent with most parts of China, with the exact transition point being almost synchronous, but warmed at a faster rate over the same period; and the decreasing trend of precipitation in Shandong Peninsula was most significant all over China. Within the Peninsula, the abrupt change of temperature and precipitation in the Southeast was earlier than that in the Northwest; besides, the reduction of precipitation was larger in the Southeast while the increase of temperature was more significant in the Northwest.
